ABSTRACT This 5-week study was conducted to determine the effects of Enterococcus faecium (SLB 120) on growth performance, blood parameters, relative organ weight, breast muscle meat quality, excreta microbiota shedding, and noxious gas emission in broilers. A total of 816 one-day-old male broilers were allocated to 4 groups with 12 replications (17 broilers/pen) according to body weight (43.2 ± 0.32 g). Dietary treatment groups were: (1) CON, basal diet, (2) T1, CON + 0.05% E. faecium, (3) T2, CON + 0.10% E. faecium, (4) T3, CON + 0.20% E. faecium. From day 1 to 21, dietary E. faecium supplementation showed linear increase (P < 0.05) in gain:feed ratio. From day 21 to 35 and the overall period, dietary E. faecium supplementation showed a linear increase (P < 0.05) in body weight gain and gain:feed ratio. On day 35, dietary E. faecium supplementation showed a linear increase (P < 0.05) in the apparent total tract digestibility of dry matter and nitrogen, and the relative weight of bursa of Fabricius; no differences were observed in white blood cells, red blood cells or lymphocyte counts. Dietary E. faecium supplementation showed a linear decrease (P < 0.05) in excreta E.coli counts on day 7 and 35, while excreta Lactobacillus counts were linearly increased (P < 0.05) on day 35. On day 35, dietary E. faecium supplementation linearly decreased (P < 0.05) excreta NH 3 , H 2 S, and total mercaptans emission, but only H 2 S emission was linearly decreased (P < 0.05) on day 7. In conclusion, the supplementation of E. faecium improved growth performance, the digestibility of dry matter and nitrogen, the relative weight of bursa of Fabricius, and shifted excreta microbiota by increasing Lactobacillus and decreasing E.coli counts, as well as decreased excreta NH 3 , H 2 S, and total mercaptans gas emission.
INTRODUCTION
Since the use of antibiotics as growth promoters was banned in the European Union, it is necessary to find antibiotic alternatives. Particular interest is now being paid to probiotics. Previous studies showed that probiotics have multiple beneficial effects, including improving growth performance (Mountzouris et al., 2010; Zhang and Kim, 2014) , nutrient digestibility (Apata, 2008; Li et al., 2008) , intestinal microflora balance (Mountzouris et al., 2007) , immune function (Koenen et al., 2004; Yang et al., 2012) , meat quality (Zhou et al., 2010; Liu et al., 2012) , intestinal morphology (Cao et al., 2013) , and decrease the excreta noxious gas emission (Zhang et al, 2013a) . Others found no or minimal effect of probiotics on the growth performance (Ghadban, 2002; Chen et al., 2006; Zhang et al., 2012a) . This inconsistency might due to many factors, includ-C 2017 Poultry Science Association Inc. Received November 22, 2016. Accepted April 1, 2017. 1 Corresponding author: inhokim@dankook.ac.kr ing bacterial species, feed composition, age of animals, dose, and environment. Enterococcus faecium is a lactic acid bacterium (LAB) which normally colonizes the gut and has been shown to have positive effects on poultry growth performance (Samli et al., 2007; Park et al., 2016) . The supplementation of E. faecium led to an increase in LAB colonization in the ileal content, and a significantly increased excretion of LAB (Samli et al., 2007) . Application of the Bifidobacterium, Pediococcus, and Enterococcus strain complex probiotics in feed and water led to a growth promoting effect, and also led to a change in the composition of the cecal microbiota with significant increases in numbers of bifidobacteria, lactobacilli and Gram-positive cocci (Mountzouris et al., 2007) . Dietary supplementation of E. faecium also found to reduce ammonia emission in laying hens by increasing the digestibility of dry matter, nitrogen, and energy (Park et al., 2016) . Poultry manure is one of the major sources of nitrogen pollution (Song et al., 2012) , with adverse effects on the production of broilers (Miles et al., 2004) . Therefore, we hypothesized that dietary E. faecium supplementation may improve growth performance, nutrient digestibility, and reduce the 3246 excreta noxious gas emission in broilers by modulating the gut environment. The objective of this study was to evaluate the effects of E. faecium on growth performance, blood parameters, relative organ weight, breast meat quality, excreta microbiota shedding, and noxious gas emission in broilers.
MATERIALS AND METHODS
The experimental protocol used in this study was approved by the Animal Care and Use Committee of Dankook University.
Source of Enterococcus Faecium
The probiotic product used in our study was provided by a commercial company (Feedup, Ltd., Korea) . This product is composed of spray-dried spore-forming Enterococcus faecium SLB 120, which is guaranteed to contain at least 1.0 × 10 10 cfu/g of live E. faecium.
Experimental Design, Animals, and Housing
A total of 816 one-day-old male Ross 308 broilers were purchased from a commercial hatchery (Yang Yi Company, Cheonan, South Korea) to this 35-day experiment. All broilers were individually weighed and randomly allocated to 4 groups (204 broilers/group) with 12 replications (17 broilers/pen) according to their body weight (43.2 ± 0.32 g). Dietary treatment groups were: (1) CON, basal diet, (2) T1, CON + 0.05% E. faecium, (3) T2, CON + 0.10% E. faecium, (4) T3, CON + 0.20% E. faecium. The diets were formulated to meet or exceed the nutritional requirements of broilers during starter (day 1 to 21) and grower (day 22 to 35) phases, according to the NRC (1994) recommendations (Table 1 ). All broilers were placed in battery cages (124 cm length × 64 cm width × 40 cm height). The temperature of the room was maintained at 33 ± 1
• C for the first week. From day 8, the temperature was gradually reduced by 0.5
• C per day until maintained at 24
• C. Artificial light was provided 24 h/d by fluorescent lights. Feeds in 1 mL of PBS were serially diluted from 10 −1 to 10 −7 , and were plated on bile esculin azide agar plates in duplicates for 24 h at 37
• C. No E. faecium counts were checked in CON diets. The E. faecium counts in E. faecium treatments were 5.4 × 10 8 and 5.35 × 10 8 cfu/kg in the T1 diet, 1.21 × 10 9 and 1.18 × 10 9 cfu/kg in the T2 diet, and 2.23 × 10 9 and 2.17 × 10 9 cfu/kg in the T3 diet, during d 1 to 14 and d 15 to 28, respectively.
Sampling and Measurements
Broilers were weighed on pen basis on d 1, 21, and 35, and feed intake was recorded throughout the experiment. Body weight gain (BWG) and feed intake (FI) were measured, and gain:feed ratio (G:F) was calcu- lated. From d 28 to 35, all broilers were fed diets mixed with 0.2% chromium oxide as an indigestible marker to determine apparent total tract digestibility (ATTD) of dry matter (DM) and nitrogen (N) (Fenton and Fenton, 1979 ). On d 35, the fecal samples from each cage were collected. Before collection, on d 34, the plates under the cages were carefully cleaned. When collecting the samples, the feathers and other litter materials were carefully removed before taking the samples. All fecal samples were stored at −20
• C. Before chemical analysis, the fecal samples were thawed and dried at 70
• C for 72 h, after which they were finely ground to a size that could pass through a 1-mm screen. Dietary DM (method 930.15), crude protein (method 920.39), calcium (method 984.01), phosphorus (method 965.17) were analyzed according to the procedures described by AOAC International (AOAC, 2006) . Individual amino acid composition was measured using an Amino Acid Analyzer (Beckman 6300, Beckman Counter Inc., Fullerton, CA) after 24 h of 6 N-HCl hydrolysis at 110
• C. Performic acid was used before hydrolysis to oxidize Methionine and Cysteine to methionine sulfone and cysteic acid. Nitrogen was determined by a Kjectec 2300 Nitrogen Analyzer (Foss Tecator AB, Hoeganaes, Sweden). Chromium was analyzed by UV absorption spectrophotometry (UV-1201; Shimadzu, Tokyo, Japan) following the method described by Williams et al., 1962 . The ATTD was then calculated using the following formula:
C d = chromium concentration in diet, and C f = chromium concentration in feces. Gross energy was determined by measuring the heat of combustion in the samples using a bomb calorimeter (Parr 6100; Parr instrument Co., Moline, IL). At day 35, 12 broilers per treatment (1 per cage) were randomly selected, and blood samples were collected from the brachial vein into a sterile vacuum tube, and stored at 4
• C for less than 1 day. The white blood cells (WBC), red blood cells (RBC), lymphocyte counts, and IgG concentrations were analyzed using an automatic blood analyzer (AD-VIA 120, Bayer, New York, NY). After blood collection, the same broilers were individually weighed, killed by cervical dislocation, and exsanguinated. The liver, spleen, bursa of Fabricius, left breast muscle, gizzard, and abdominal fat were then removed and weighted by trained people. The breast muscles were directly transported to the laboratory where following breast meat quality analysis was immediately carried out. All organ weights were expressed as a percentage of body weight.
Meat Quality
Breast muscle samples were collected for meat quality at the end of the experiment, and the lightness (L * ), redness (a * ), and yellowness (b * ) of meat color were measured using a Model CR-410 Chroma meter (Konica Minolta Sensing Inc., Osaka, Japan). The colorimeter was standardized with a white tile (L * = 99.14, a * = −0.23, and b * = 1.09). The duplicate pH values of each sample were measured using a pH meter after the breast muscle samples stored at −4
• C for 24 hours (Fisher Scientific, Pittsburgh, PA). The water-holding capacity (WHC) was measured in accordance with the methods described by Kauffman et al. (1986) . Briefly, 0.3 g sample was pressed at 3,000 × g for 3 min at 26
• C on a 125-mm-diameter piece of filter paper. The areas of the pressed sample and the expressed moisture were delineated and then determined using a digitizing area-line sensor (MT-10S, M.T. Precision Co. Ltd., Tokyo, Japan). Drip loss was measured using approximately 4 g of meat sample according to the plastic bag method described by Honikel (1998) . Cooking loss was determined as described previously by Sullivan et al. (2007) .
Excreta Microflora
For excreta microbiota analysis, on day 7 and 35, fecal samples of 24 broilers from each treatment (2 broilers per pen) were collected. The fecal samples from the cloacae were collected into micro-tubes through the abdomen massage. The samples from the same cage were placed on ice for transportation to the laboratory where analysis was immediately carried out. One gram fecal sample from each pen for fecal microbiota was diluted with 9 mL of 1% peptone broth (Becton, Dickinson and Co., US) and then homogenized. Viable counts of bacteria in the fecal samples were then conducted by plating serial 10-fold dilutions (in 1% peptone solution) onto MacConkey agar plates (Difco Laboratories, Detroit, MI) and lactobacilli medium III agar plates (Medium 638, DSMZ, Braunschweig, Germany) to isolate E. coli and Lactobacillus, respectively. The lactobacilli medium III agar plates were then incubated for 48 h at 39
• C under anaerobic conditions. The MacConkey agar plates were incubated for 24 h at 37
• C. The E. coli and Lactobacillus colonies were counted immediately after removed from the incubator.
Excreta Noxious Gas Emission
Before collection, on d 6 and 34, the plates under the cages were carefully cleaned. When collecting the samples, the feathers and other litter materials were carefully removed before taking the samples. On day 7 and 35, about 200 g fresh fecal samples were collected from each pen for the analysis of excreta noxious gas emissions according to the method described by Cho et al. (2008) . Briefly, a total of 300 g of feces were stored in 2.6-L sealed plastic boxes in duplicate. The samples were permitted to ferment for a period of 30 h at 32
• C. After the fermentation period, an instrument (Gas Detector, GV-100S; Gastec Corp., Kanagawa, Japan) was used for gas detection. In these measurements, the plastic boxes were punctured, and headspace air was sampled approximately 2.0 cm above the samples at a rate of 100 mL/min. Levels of ammonia (NH 3 ), hydrogen sulfide (H 2 S), total mercaptans, and acetic acid (Gastec Detector Tube No. 3La, No. 4LK, No.70 L, and No.81 L respectively; Gastec Corp.) were measured.
Statistical Analysis
The pen was used as the experiment unit and all data were analyzed with SAS 2003 (v. 9.1, SAS Institute Inc., Cary, NC) with the following statistical model: Y ijk = μ + t i + r k + e ijk , where Y ijk was a dependent variable observation ij, μ was the overall population mean, t i was the fixed effect of E. faecium, r k was the pen as a random diet, and e ijk was the random error associated with the observation ijk. Orthogonal comparison was conducted using polynomial regression to measure the linear, quadratic, and cubic effects of increasing dietary supplementation of E. faecium. P < 0.05 was considered statistically significant, whereas P < 0.10 was considered a tendency.
RESULTS

Growth Performance and Nutrient Digestibility
The effects of dietary E. faecium supplementation on growth performance are presented in Table 2 . From day 1 to 21, there was linear improvement (P = 0.046) in G:F associated with the inclusion of E. faecium in the diets. BWG showed linearly increase trend (P = 0.082) associated with the inclusion of E. faecium. No significant differences were observed in FI. From day 21 to 35 and the overall period, there were linear improvement (P = 0.048 and P = 0.008, respectively) in BWG and G:F associated with the inclusion of E. faecium, no significant difference was observed in FI among dietary treatments. At the end of the experiment, the ATTD of DM and N was linearly increased (P < 0.001 and P = 0.048, respectively), but the ATTD of GE only showed linearly increased trend (P = 0.092) associated with the inclusion of E. faecium (Table 3 ).
Blood Parameters, Relative Organ Weight and Breast Meat Quality
No differences were observed in WBC, RBC, or lymphocyte counts among treatments (Table 4) . Relative weight of most organs (liver, spleen, and gizzard), breast muscle, and abdominal fat were not influenced by dietary E. faecium supplementation (Table 5). However, there was linear improvement (P = 0.041) in the relative weight of bursa of Fabricius associated with the inclusion of E. faecium. No significant (P > 0.05) differences were observed in pH value, WHC, breast muscle color, or drip loss among treatments (Table 6 ). 
Excreta Microflora
On day 7, there was linear decline (P < 0.0001) in excreta E.coli counts associated with the inclusion of E. faecium, no difference was observed in excreta Lactobacillus counts (Table 7) . On day 35, there was a linear improvement (P < 0.001) in excreta Lactobacillus counts and a linear decline (P = 0.003) in excreta E.coli counts.
Excreta Noxious Gas Emission
On day 7, there were linear and quadratic declines (P < 0.001 and P = 0.016, respectively) in excreta H 2 S emission associated with the inclusion of E. faecium, no differences were observed in excreta NH 3 and total mercaptans emission (Table 8) . On day 35, there were linear declines (P = 0.002, P = 0.001, and P = 0.013, respectively) in excreta NH 3 , H 2 S, and total mercaptans emission associated with the inclusion of E. faecium. Meanwhile, there was a cubic decline (P = 0.029 and P = 0.013, respectively) in excreta H 2 S and total mercaptans emission.
DISCUSSION
Previous studies indicated that probiotics improve the growth performance of broilers (Yang et al., 2012; Jeong and Kim, 2014; Park and Kim, 2014) , although some inconsistent results have been reported (Li et al., 2008; Lee et al., 2010; Zhao et al., 2013) . However, it is difficult to directly compare different studies using different probiotics with different administration levels, because the efficacy of probiotics will depend on many factors, including feed composition, animal age, environment, strain of probiotic, and concentration. In this study, the inclusion of E. faecium showed linear increases in BWG and G:F, and adding 0.20% E. faecium to the diet had higher BWG and G:F compared with the CON diet during the overall period. This is in agreement with Gheisar et al (2016) , who reported that dietary E. faecium improved BWG. Samli et al (2007) also reported that 0.20% E. faecium supplementation increased BWG and decreased feed conversion ratio. Similarly, Cao et al (2013) showed that E. faecium supplementation improved growth performance in broilers after challenging with E. coli K88. The beneficial effects of E. faecium on broilers growth performance are in agreement with other studies (Mountzouris et al., 2007; Awad et al., 2009) . Dietary E. faecium supplementation had beneficial effects on BWG and G:F in this study and this may be due to several factors, such as increased activity of intestinal enzymes, improved nutrient digestion and absorption, and the maintaining and replenishing of the normal microbial population (Gheisar et al., 2016; Park et al., 2016) . In this study, E. faecium supplementation resulted in better nutrient utilization (increasing the ATTD of DM and N), which may contribute to a positive effect on growth performance. The higher Lactobacillus counts in excreta of broilers fed E. faecium supplemented diets could be beneficial for the nutrient digestibility as it could potentially increase the activity of enzymes (Fuller, 1989) . Moreover, the supplementation of E. faecium should be expected to reduce pH, and a low gut pH had a beneficial effect on nutrient digestibility (Canibe and Jensen., 2003; Lyberg et al., 2006) . The decreased E.coli counts in excreta of broilers may also add the beneficial effects on nutrient utilization. E. faecium supplementation had no effects on WBC, RBC, or lymphocyte counts in this study. To support our study, Gheisar et al. (2016) also reported that dietary E. faecium supplementation had no effects on WBC, RBC, or lymphocyte counts in broilers.
There was a linear improvement in the relative weight of bursa of Fabricius of broilers fed E. faecium supplementation diets. In agreement with our studies, previous studies reported that broilers fed probiotics supplementation diets had heavier weight of bursa of Fabricius compared with broilers fed diet without probiotics supplementation (Li et al., 2009; Rajput et al., 2013; Park and Kim, 2014) . In poultry, the bursa of Fabricius are the sites of maturation of B lymphocytes. Lymphoid organ weights reflect the body's ability to provide lymphoid cells during an immune response. The size and mass of bursa of Fabricius reflect the maturation of the immune system (Grasman, 2002; Willis et al., 2013) .
Former studies indicated dietary supplementation of probiotics in broilers diets can improve carcass characteristics (Weis et al., 2011 ) and meat quality (Endo and Nakano, 1990) . reported the supplementation of Saccharomyces cerevisiae significantly increased meat tenderness. Zhou et al. (2010) reported the supplementation of Bacillus coagulans had lower drip loss and higher shear force compared with the control group. Park and Kim (2014) reported the supplementation of Bacillus subtilis B2A increased water holding capacity, but 1 day drip loss was decreased. Zheng et al. (2015) reported the supplementation of E. faecium increased meat color, water holding capacity, and pH of breast muscle, but decreased abdominal fat content. However, the results are not always consistent. Zhang et al. (2012a) reported that the supplementation of Bacillus subtilis had no effects on meat color, water holding capacity, or pH value. Similarly, no differences were observed in water holding capacity, meat color, or drip loss in this study. The reason for the difference is unknown, because meat quality is influenced by lots of factors, including breed, nutrition, husbandry conditions, and handling before and after slaughter (Alessandro and Zolla,, 2013) , therefore, further study is warranted to evaluate how probiotics improve the meat quality.
Numerous studies demonstrated that probiotics have competitive exclusion of pathogens in poultry (Higgins et al., 2008, Jeong and Park and Kim, 2014; Park et al., 2016) . The supplementation of E. faecium can increase the lactic acid bacteria colonization in the ileal (Samli et al., 2007) . Lactic acid, which functions as a natural antimicrobial, decreases the intestinal pH and inhibits the growth of pathogenic bacteria (Alakomi et al., 2000) . Our study showed that the E. faecium supplementation linearly increased excreta Lactobacillus counts as well as linearly decreased excreta E. coli counts. This is in agreement with our previous study, which reported E. faecium supplementation reduced excreta E. coli counts and increased Lactobacillus counts in laying hens (Zhang and Kim, 2013b) . Levkut et al. (2009 Levkut et al. ( , 2012 reported that the E. faecium supplementation reduced the fecal amount of Salmonellae in the broilers challenged with Salmonellae. Cao et al. (2013) showed that the E. faecium supplementation increased the concentrations of fecal Lactobacillus and Bifidobacteria, as well as decreased the concentrations of fecal E.coli in broilers challenged with E.coli. Other studies also demonstrated that probiotics fortify the intestinal microflora by improving beneficial bacteria counts and decreasing pathogenic bacteria counts Vicente et al., 2008) . In this study, E. faecium significantly increased fecal Lactobacilli counts and reduced E. coli counts, consequently improving growth performance through modulation of the intestinal microbiota of broilers and enhanced nutrient absorption and reduced energy consumption.
Ammonia is a major pollutant contributing to manure malodor, which is an acute environmental problem associated with intensive animal agriculture. It has been reported that probiotics could reduce the levels of pollutants arising from animal manure by improving nutrient utilization, altering the intestinal microbiota ecosystem, and reducing the pH of manure (Ferket et al., 2002) . Therefore, the reduction of excreta NH 3 and H 2 S might be related to the improvement of the digestibility of nitrogen, and increased excreta Lactobacillus counts and decreased E. coli counts. Studies have shown that supplementing diets with probiotics can increase the population of beneficial microorganisms and inhibit the proliferation of pathogens in the intestinal microbiota, consequently, improving nutrient utilization by enhancing the activity of digestive enzymes, such as proteases, lipases, and amylases (Fuller 2001) . Zhang et al. (2013a) reported that dietary B. subtilis supplementation reduced ammonia emission in poultry by improving the activity of enzymes and N utilization. Jeong and Kim, (2014) reported that dietary B. subtilis supplementation resulted in a significant reduction in ammonia emission, without any accompanying improvement in nitrogen digestibility.
CONCLUSION
Dietary E. faecium supplementation improved growth performance, the ATTD of DM and N, the relative weight of bursa of Fabricius, and shifted excreta microbiota by increasing fecal Lactobacillus and decreasing E.coli counts, as well as decreased excreta NH 3 , H 2 S, and total mercaptans gas emission.
